ft - ' 

_;!!- 

,3% 



5* 



P/1071-1504 



1 - 



MIM CAPACITOR AND MANUFACTURING METHOD THEREFOR 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to a structure of and a manufacturing method for 
a metal insulator metal (MIM) capacitor in a microwave monolithic integrated circuit 
utilizing semiconductor technology and, more specifically, compound semiconductor 
technology. 



2. Description of the Related Art 



In a monolithic integrated circuit (hereinafter referred to as MMIC), if a bypass 
1 0 capacitor is connected to the outside of a package, noise is caused in a connecting wire 
between the IC chips and the package, and this small noise causes the deterioration of 
the IC characteristics. Therefore an MIM capacitor has been used as a bypass capacitor 
to accommodate power noise. 

As an example of a MMIC using such an MIM capacitor, Japanese unexamined 
1 5 patent application publication No.7-2 1710 discloses an MMIC prepared by depositing 
on a Ga-As substrate a lower electrode, a silicon oxide layer, a silicon nitride layer, a 
silicon oxide layer, and an upper electrode in that order. 



The MIM capacitor is constructed such thaythe silicon nitride layer is positioned 
between silicon oxide layers in order to complement the withstand voltage of the silicon 
20 nitride layer. The MIM capacitor however j^as a problem that the overall dielectric 
VA constant becomes lower because silicon oxide has a dielectric constant lower than that 

* of silicon nitride. Also, when the MIM capacitor is prepared on the Ga-As substrate at 

400°C or more, As is liberated and thus the Ga-As substrate deteriorates. Further, when 
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the silicon oxide layers and the silicon nitride layer are deposited at 400°C by a CVC 

/ 

method, thin and flat silicon oxide layers cannot be formed with half or less than half 
the thickness of the silicon nitride layer. Hence, a dielectric layer of the MIM capacitor 

comnosed of three layers, which are the silicon oxide layer, the silicon nitride layer, and 

/ 

the silicon oxide layer, has twice or more than twice the thickness of a dielectric layer 
simply composed of silicon nitride layers. Thus, preparing a high-capacity bypass 



capacitor with an MIM capacitor makes preparing small MMICs difficult because of the 
large MIM capacitor. 
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SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to solve the problems 
described above by providing a downsized, high-capacity MIM capacitor provided on 
a compound semiconductor substrate. 

To this end, according to one aspect of the present invention, there is provided 
an MIM capacitor comprising a lower electrode comprising a plurality of metal layers 
including a top metal layer, an upper electrode, and a dielectric layer positioned between 
said lower electrode and said upper electrode. The entire surface of the top metal layer 
is oxidized to form an insulating metal oxide layer. 

Pursuant to another aspect of the present invention, there is provided a method 
of manufacturing an MIM capacitor. The manufacturing method comprises providing 
a lower electrode comprising a plurality of metal layers, including a top metal layer, and 
oxidizing the top metal layer of the lower electrode. A dielectric layer is provided on 
the oxidized top metal layer and an upper layer is provided on the dielectric layer. The 
dielectric layer may be formed of silicon nitride. The manufacturing method may 
further comprise oxidizing the dielectric layer. Both oxidizing steps are performed by 
heating at between 200 and 400°C. 
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Thus, the metal oxide layer can be formed with a thin thickness without 
deteriorating the withstand voltage characteristics of the MIM capacitor. As a result, a 
downsized high-capacity MIM capacitor can be formed, and consequently downsized 
MMICs can be obtained. 

Other features and advantages of the present invention will become apparent 
from the following description of the invention which refers to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of an MIM capacitor according to a first embodiment 
of the present invention; 

Figs. 2A to 2F are process drawings of steps employed in manufacturing the 
MIM capacitor according to the first embodiment of the present invention; 

Fig. 3 is a sectional view of an MIM capacitor according to a second 
embodiment of the present invention; and 

Figs. 4A to 4D are process drawings of steps employed in manufacturing the 
MIM capacitor according to the second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

Figs. 1 and 2A to 2F illustrate an MM capacitor and a manufacturing method 
therefor according to a first embodiment of the present invention. 

The MIM capacitor, as shown in Fig. 1 includes a silicon nitride layer 2, a lower 
electrode 3, a metal oxide layer 4, a dielectric layer 5, and an upper electrode 6 in that 
order on a Ga-As substrate 1. The dielectric layer 5 is formed of silicon nitride, which 
has a dielectric constant lower than that of silicon oxide and a high moisture resistance. 
The metal oxide layer 4, which is highly insulative, is provided on the lower electrode 
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3 to complement the withstand voltage characteristics of the silicon nitride layer, and 
thereby the MIM capacitor ensures high withstand voltage characteristics. The lower 
electrode 3 is formed by depositing a plurality of metal layers. The top of the metal 
layers is formed of a transition metal or an alloy which is capable of forming an 
5 insulating layer by oxidation, and is oxidized to form the metal oxide layer 4. 

Then, a protective film 8 of silicon nitride is formed to improve the moisture 
resistance of the MIM capacitor, and a lower electrode opening 9 and an upper electrode 
opening 10 are provided to connect the MIM capacitor to external devices. 

A method of manufacturing the MIM capacitor will be described below, 
y| 10 referring to Figs. 2A to 2F. 

First, the silicon nitride layer 2 is deposited on the Ga-As substrate 1 by a CVD 
process as shown in Fig. 2A. 

Next, as shown in Fig. 2B, a resist pattern having an inverse-tapered cross- 
section is provided on the silicon nitride layer, and then a plurality of metal layers are 
1 5 deposited on the upper electrode layer by a vapor deposition and a lift-off process. The 
lower electrode 3 of this embodiment is formed by depositing a bottom layer formed of 
highly adhesive titanium, a platinum layer, a gold layer, and a top titanium layer in that 
order. The top titanium layer has a thickness of 50 nm, whereas the bottom titanium 
layer has a thickness of at least 20 nm so that the metal oxide layer 4 has improved 
20 withstand voltage characteristics. 

As shown in Fig. 2C, the entire surface of the top titanium layer is oxidized in 
an oxygen atmosphere at 300°C to form the metal oxide layer 4 of titanium oxide. 
Preferably, the oxidation temperature is 200 to 400°C to sufficiently oxidize titanium 
without deteriorating the Ga-As substrate, an ohmic electrode of a field effect transistor 
25 (FET), or the like. 

Next, as shown in Fig. 2D, the dielectric layer 5 is provided by depositing silicon 
nitride with a thickness of 1 50 nm on the metal oxide layer 4. Thus, the dielectric layer 
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5 is simply composed of silicon nitride, and the thickness is half or less than half the 
thickness of the conventional dielectric layer composed of three layers of the silicon 
oxide layer, the silicon nitride layer, and silicon oxide layer. 

Next, for external connection of the lower electrode 3-, the dielectric layer 5 and 
the metal oxide layer 4 are partly removed by selective etching to partly expose the 
lower electrode 3. Then, as shown in Fig. 2E, the upper electrode 6 is formed by 
depositing a plurality of metal layers in the same manner as forming the lower electrode. 
In the MIM capacitor of this embodiment, the upper electrode 6 is formed by depositing 
a titanium layer, a platinum layer, and a gold layer in that order. 

Next, the protective film 8 of silicon nitride is formed at 400°C or less to 
improve the moisture resistance of the MIM capacitor, and a resist pattern having holes 
corresponding to the lower and the upper electrode openings 9 and 10 is formed. The 
protective film 8 in the holes of the resist pattern is removed by etching, and 
subsequently the resist is removed. Then the lower and the upper electrode openings 9 
and 10 for externally connecting the MIM capacitor are provided as shown in Fig. 2F. 
Thus, the downsized high-capacity MIM capacitor having withstand voltage 
characteristics can be prepared. 

Second Embodiment 

Figs. 3 and 4 illustrate an MIM capacitor and a manufacturing method therefor 
according to a second embodiment of the present invention. 

The MIM capacitor according to a second embodiment of the present invention, 
as shown in Fig. 3, has substantially the same structure as that of the first embodiment. 
The difference from the first embodiment is in that an oxidized silicon nitride layer 7 is 
provided by oxidizing the surface of the dielectric layer 5. The oxidized silicon nitride 
layer 7 is highly insulative, thus improving the withstand voltage characteristics of the 
MIM capacitor. 
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A method of manufacturing the MM capacitor will be described below, 
referring to Figs. 4A to 4D. The manufacturing steps up to forming the dielectric layer 
5 of the MIM capacitor according to the second embodiment are the same as those of 
the first embodiment, The steps after forming the dielectric layer 5 are illustrated in 
Figs. 4A to 4D. 

First, as shown in Fig. 4A, the silicon nitride layer 2, the lower electrode 3, the 
metal oxide layer 4 formed by oxidizing the top layer of the lower electrode, and the 
dielectric layer 5 formed of silicon nitride are deposited on the Ga-As substrate 1 in that 
order. 

The surface of the dielectric layer 5, which is formed of silicon nitride, is 
oxidized in an oxygen atmosphere at 300°C to form the oxidized silicon nitride layer 7 
as shown in Fig. 4B. The oxidized silicon nitride layer is highly insulative; hence the 
dielectric layer 5 is to be positioned between highly insulative layers, namely the metal 
oxide layer 4 and the oxidized silicon nitride layer 7. Therefore the withstand voltage 
characteristics of the MIM capacitor of the second embodiment are improved in 
comparison with the MIM capacitor of the first embodiment. 

Next, for external connection of the lower electrode 3, part of the oxidized 
silicon nitride layer 7, the dielectric layer 5, and the metal oxide layer 4 are removed by 
selective etching to partly expose the lower electrode 3. Then, as shown in Fig. 4C, the 
upper electrode 6 is formed by depositing a plurality of metal layers, or titanium, 
platinum, and gold in that order, in the same manner as forming the upper electrode of 
the first embodiment. 

Next, the protective film 8 of silicon nitride is formed at 400°C or less in order 
to improve the moisture resistance of the MIM capacitor. Then, a resist pattern having 
holes corresponding to the lower and the upper electrode openings 9 and 10 is formed. 
The protective film in the holes of the resist pattern is removed by etching, and 
subsequently the resist is removed. Then the lower and the upper electrode openings 9 



-7- 



and 10 for externally connecting the MIM capacitor are provided as shown in Fig. 2F. 
Thus, the resulting downsized high-capacity MIM capacitor has further improved 
withstand voltage characteristics compared with the MIM capacitor of the first 
embodiment. 

The embodiments describe the manufacturing method in which the lower and the 
upper electrodes 3 and 6 are formed by a vapor deposition and a lift-off process after 
forming the resist pattern having an inverse-tapered cross-section. However, the lower 
and the upper electrodes 3 and 6 may be completed by vapor deposition and a lift-off 
process after a step in which an electrode is provided by sputtering before forming the 
resist pattern for the lower and the upper electrodes 3 and 6. 

The metal oxide layer 4 and the oxidized silicon nitride layer 7 are formed in an 
oxygen atmosphere in the embodiments, and alternatively formed by heating in an 
atmosphere containing an oxygen plasma or ozone. 

As described above, the MIM capacitor of the present invention comprises the 
insulating metal oxide layer formed by oxidizing the top layer of the lower electrode, 
and thus the dielectric portion comprises the silicon nitride layer and the metal oxide 
layer. Thus, the withstand voltage characteristics of the MIM capacitor are improved. 
In addition, the metal oxide layer can be formed with a thin thickness, and the dielectric 
layer can be formed with a thin thickness. Consequently, a downsized high-capacity 
MIM capacitor can be obtained. 

Also, by forming the highly insulative oxidized silicon nitride layer by oxidizing 
the surface of the dielectric layer, the MIM capacitor can have more improved withstand 
voltage characteristics. 

The method of manufacturing the MIM capacitor of the present invention 
employs a common process of general MMICs, hence not requiring any additional 
special step when an MMIC comprises the MIM capacitor of the present invention. 
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Also, since the dielectric layer is formed of silicon nitride, which has a high dielectric 
constant and is a common material, the MIM capacitor can be prepared at a low price. 

Although the present invention has been described in relation to particular 
embodiments thereof, many other variations and modifications and other uses will 
become apparent to those skilled in the art. It is preferred, therefore, that the present 
invention be limited not by the specific disclosure herein, but only by the appended 
claims. 



